Abstract The facial nerve is unique among the motor nerves. It has long and tortuous course through the temporal bone and within the Fallopian canal. Because of this it is more prone to paralysis than any other nerve in the body. The most frequent type of facial palsy is Bell's palsy. This is an acute idiopathic lower motor neuron palsy of the facial nerve which does not normally progress and which is most usually unilateral and self limiting,: the majority of cases remit within 4-6 months and nearly always remission is complete by 1 year. In those cases that do not recover it is my contention that this is caused by Either the progression, or after effects, of secondary ischemia: tertiary ischemia. In turn this causes thickening of the facial nerve sheath with a fibrous band or bands forming with resultant strangulation and compression of the nerve, which hampers its recovery. In such cases facial nerve decompression with slitting of the sheath and cutting of any fibrous bands would be the preferred management when allied with aggressive medical therapy.
Aetiology
There are three theories advanced regarding the aetiology of Bell's palsy which is thought to be due either to vascular change or to a viral aetiology. In some cases there is also a hereditary origin. There are certain features that support surgical decompression of the facial nerve in selected cases. In this paper I describe tertiary ischemia with fibrous thickening, in which surgical decompression of the nerve with slitting of the sheath and cutting of any fibrous band or bands, if present, was an important part of treatment. It is my contention that the thickened facial nerve sheath and the associated bands cause strangulation and compression of the nerve, and that timely decompression serves to promote regeneration.
The nerve is a layered structure with an outer tough shiny grey periosteal layer and an immediately deeper layer formed by a vascular plexus and covering the epineural layer of the neural tissue. Peripherally this vascular plexus is formed by the stylomastoid artery and then this in turn is replaced, more centrally, by the petrosal branch of the middle meningeal artery, the internal auditory artery and the anterior inferior cerebral artery. The presence of the vascular layer is clearly important since when it is compromised, local ischemia and a palsy will result.
It seems that vascular ischaema can be of three types.
Vascular Theory

Primary Ischemia
The facial nerve has tough epineurium which has rich vascular supply. Vasospasm will lead to decreased blood supply. Resulting in a primary ischaemic neuropathy. This is a rare occurrence. [2] . Some also believe that there is a lack of significant anastomosis between the stylomastoid and petrosal branches [3] : this would pre-dispose to ischaemia at this point.
Secondary Ischemia
Hilger [4] proposed that a process of primary ischemia could lead to secondary ischemia. The essential features in such cases are an initial arteriolar constriction followed by capillary dilatation with an increase in permeability and resultant transudation. The lymph capillaries are compressed by the presence of the transudate and may even close. This further increases the formation of transudate and leads to zonal ischemia: a vicious cycle therefore arises which may even result in necrosis of the nerve thus may lead to discontinuty of the nerve [4] I have even seen affection of fallopian canal (Fig. 1) . The pathophysiology of edema within the confines of fallopian canal is the same Initial vasospastic changes increase capillary permeability and the formation of oedema, which is aided and abetted by histamine release mechanism from an intermediate hypersensitivity reaction. According to Sunderland [5] there is a delicate balance of the pressures within the fallopian canal which are necessary for continued nutrition of the nerve: this is now disturbed. Any slight swelling of the nerve then leads to obstruction of the venous outflow which, in turn, also promotes a viscous cycle that results in interference with the arterial blood supply of the nerve.
Tertiary Ischemia
I believe that in certain cases the process of secondary ischemia leads on to, or progress to, tertiary ischemia [6, 7] . This is the result of the vasospasm progressing and leading to periarteritis and endarteritis of the blood vessels leading to varying amount fibrosis of facial nerve sheath. This results in thickening of the facial nerve sheath and at times also to the formation of fibrous tissue causing strangulation of the facial nerve. At this stage surgically decompression with slitting of the sheath and cutting of any fibrous bands if present is important as otherwise it can result in permanent facial palsy (Figs. 2, 3, 4) . In cadaveric dissection it is not possible to take a big biopsy of the sheath as it is very thin and fragile and histopathology is unsatisfactory. However in Bell's palsy it is possible to comfortably take an adequate biopsy of the sheath for reporting as the sheath is very much thickened. When this is done the microscopic features include the presence of blood vessels with thickened walls along with changes of obliterative endarteritis. There is also fibrosis. Figures 5 and 6 I have seen even erosion of the bone of the fallopian canal in such cases (Fig. 1) .
Such changes in facial nerve sheath architecture are typically seen in cases that have a residual facial palsy and the histopathological changes can be well demonstrated by Masson's trichrome staining When a facial nerve decompression is done in such cases and the sheath is slit then almost immediately the patient notices a relief of the tightness felt in and around the mastoid area-but recovery of facial paralysis is not, of course, immediate. 
Viral Theory
This theory proposes that Bell's palsy may be a part of polyneuropathy of viral origin. The viruses most incriminated are Herpes Zoster or Simplex virus [8, 9] , but it has been also reported that by Herpes Simplex Virus type -1 (H S V-I) is a causative agent in Bell's paralysis [10] It is proposed that the virus replicates in the ganglion cells causing local damage and hypofunction of the nerves. It is then thought to pass down to the axons, causing a radiculitis, and to infect Schwann cells causing inflammation and an autoimmune response. Lymphocytic infiltration would then follow leading to fragmentation of myelin with demyelination and chromatolysis. When the inflammation and autoimmune reaction resolves remyelination would then follow. However studies of nerve sheath fails to reveal inflammatory cells [11, 12] and such data would not therefore support an inflammatory etiology for Bell's Palsy.
Hereditary Theory
Familial anatomic variations in the middle ear cleft are common occurrences.
They can be classified as being due to.
Variations of Pneumatisation
It is well known that pneumatisation of the mastoid varies from a sclerotic (acellular) form to being well pneumatised. In chronic suppurative otitis media, Cholesteatoma primarily occurs in sclerotic or acellular mastoid. There can be associated variations of fallopian canal.
Mastoid Antrum
This also varies in size from small to vary large sized which can lead to formation of retraction pockets of tympanic membrane with cholesteatoma. This is because a large sized mastoid antrum can cause more negative pressure when the eustachian tube is blocked [6, 13] .
Facial Canal
The canal has a long and tortuous course in the temporal bone and is prone to variations in one of three waysdiameter, course and dehiscence. Dehiscence is the most common. A familial anatomic variation in the facial canal may account for tendency towards greater incidence of development of Bell's palsy latter in life. The bony constriction of the fallopian canal leads to acute recurrent attacks of facial palsy which is more common in osteoporotic group of diseases as the fallopian canal in them is of a abnormally small diameter. This is believed to make the nerve more prone for primary ischemic injury or even viral infection. The trait of development of recurrent attacks of facial palsy is believed to be recessive [14] . The diameter of the fallopian canal at the metal foramen near the fundus is 0.61 mm [15] but accordingly is also suggested it be of 0.68 mm [16] . There it is suggested that this is the narrowest part of fallopian canal and should be attended to while decompressing the nerve.
Observations
I have experience of 614 cases of facial nerve decompressions for various conditions ( Table 1) . Out of these, most cases (469) were performed while treating chronic suppurative otitis media with cholesteatoma. A further 87 cases were due to traumatic facial nerve palsy (39 of Head injuries causing fracture of the temporal bone and 48 of Iatrogenic facial palsy).
I have also operated on 58 cases of facial nerve decompression due to Bell's Palsy with slitting of the sheath through a transmastoid approach. All had thickened facial nerve sheath of varying degrees and oedema, 49 cases had congestion of nerve. One case had erosion of fallopian canal, 9 had formation of single or multiple fibrous bands (multiple bands in 7 cases and single near the stylomastoid foramen in 2 cases). A histopathology study of the facial nerve sheath was done in 8 cases and in such cases showed fibrosis, endarteritis with periarteritis and obliterative endarteritis. I have also tried to study facial nerve sheath during cadaveric temporal bone dissections in a few cases but it was very thin and I could not take an adequate size biopsy for histopathology ( Table 2 ).
Discussion
It is well known fact that Bell's palsy is a controversial topic because of the various theories causing it and because of the role of surgical treatment. In my opinion all the theories discussed may play a part in the causation of a palsy (Table 3) .
To summaries, in presence of anatomical variations of the fallopian canal, and particularly when the canal is dehiscent and the nerve is exposed, vasospasm of the stylomastoid artery which supplies the mastoid segment of facial nerve may occur. This leads to primary ischemia and manifests as edema and congestion of mastoid segment of facial nerve, but is reversible with timely treatment at this stage. At this stage there is pain of varying degree around the ear because of vasospasm. There may be associated viral prodrome which aggravates the condition. If due to any reason it progresses, then secondary ischemia may follow with formation of a transudate in the fallopian canal and around facial nerve leading to worsening of the palsy. In turn this secondary ischemia may progress to tertiary Ischemia.
It is this vasospasm, will progresses to periarteritis and obliterative endarteritis, that leads to fibrosis of varying degrees in the facial nerve sheath and, in turn, to thickening and strangulation of the nerve. There may be single or multiple fibrous band formation leading to further compression of nerve. This is the cause of long term facial palsy unless treated surgically by facial nerve decompression by trans mastoid route with slitting of the sheath and cutting of fibrous band/bands, thus relieving the compressing effects on the facial nerve and promoting it's recovery. Medical treatment and physiotherapy also is important in treating it but physiotherapy has been always undisputable. 
